Bioactivity of thyme has been described, but mostly related to its essential oils, while studies with aqueous extracts are scarce. Herein, the antioxidant and antibacterial properties of decoction, infusion and hydroalcoholic extract, as also their phenolic compounds, were evaluated and compared. Decoction showed the highest concentration of phenolic compounds (either phenolic acids or flavonoids), followed by infusion and hydroalcoholic extract. In general, the samples were effective against gram-positive (Staphylococcus aureus and Staphylococcus epidermidis) and gram-negative (Escherichia coli, Klebsiella spp., Pseudomonas aeruginosa, Enterococcus aerogenes, Proteus vulgaris and Enterobacter sakazakii) bacteria, with decoction presenting the most pronounced effect. This sample also displayed the highest radical scavenging activity and reducing power. Data obtained support the idea that compounds with strong antioxidant and antibacterial activities are also water-soluble. Furthermore, the use of thyme infusion and decoction, by both internal and external use, at recommended doses, is safe and no adverse reactions have been described.
under reduced pressure (rotary evaporator Büchi R-210, Flawil, Switzerland) and then further lyophilized (FreeZone 4.5, Labconco, Kansas City, MO, USA).
Infusions were prepared by adding 200 mL of boiling distilled water to the sample (1 g) and were left to stand at room temperature for 5 min, and then filtered under reduced pressure. Decoctions were performed by adding to 200 mL of distilled water to the sample (1 g), heated (heating plate, VELP scientific) and boiled for 5 min. The mixtures were left to stand for 5 min and then filtered under reduced pressure. The infusions and decoctions were frozen and lyophilized. The lyophilized hydroalcoholic extract, infusion and decoction were re-dissolved in methanol/water (80:20, v/v) and water, respectively, to obtain a stock solution of 20 mg/mL.
Evaluation of antioxidant activity
Four different in vitro assays were performed using solutions prepared by serial dilution of stock solution: scavenging effects on DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals, reducing power (measured by ferricyanide Prussian blue assay), inhibition of β-carotene bleaching and inhibition of lipid peroxidation in brain cell homogenates by TBARS (thiobarbituric acid reactive substances) assay.
DPPH radical-scavenging activity was evaluated by using a ELX800 microplate Reader (Bio-Tek Instruments, Inc; Winooski, VT, USA), and calculated as a percentage of DPPH discolouration using the formula: [(A DPPH -A S )/A DPPH ] × 100, where A S is the absorbance of the solution containing the sample at 515 nm, and A DPPH is the absorbance of the DPPH solution (Chahdoura et al., 2014) . Reducing power was evaluated by the capacity to convert Fe 3+ into Fe 2+ , measuring the absorbance at 690 nm in the microplate Reader mentioned above. Inhibition of β-carotene bleaching was evaluated though the β-carotene/linoleate assay; the neutralization of linoleate free radicals avoids β-carotene bleaching, which is measured by the formula: β-carotene absorbance after 2h of assay/initial absorbance) × 100 (Chahdoura et al., 2014) . Lipid peroxidation inhibition in pig (Sus scrofa) brain homogenates was evaluated by the decreasing in thiobarbituric acid reactive substances (TBARS); the colour intensity of the malondialdehyde-thiobarbituric acid (MDA-TBA) abduct was measured by its absorbance at 532 nm; the inhibition ratio (%) was calculated using the following formula: [(A -B)/A] × 100%, where A and B were the absorbance of the control and the sample solution, respectively. The results were expressed in EC 50 values (µg/mL), i.e.
sample concentration providing 50% of antioxidant activity or 0.5 of absorbance in the reducing power (Chahdoura et al., 2014) . 
Evaluation of antibacterial activity

Analysis of phenolic compounds
Phenolic compounds were determined by HPLC (Hewlett-Packard 1100, Agilent
Technologies, Santa Clara, CA, USA) as previously described (Barros et al., 2013) . A Waters Spherisorb S3 ODS-2 C 18 , 3 µm (4.6 mm × 150 mm) column thermostatted at 35 °C was used. The injection volume was 100 µL. The solvents used were: (A) 0.1% formic acid in water, (B) acetonitrile. The elution gradient established was isocratic 15% for 5 min, 15% B to 20% B over 5 min, 20-25% B over 10 min, 25-35% B over 10 min, 35-50% for 10 min, and re-equilibration of the column, using a flow rate of 0.5 mL/min. Double online detection was carried out using diode array detector (DAD) using 280 at 370 nm as preferred wavelengths and a mass spectrometer (MS) connected to the HPLC system via the DAD cell outlet. for which a commercial standard was not available, the quantification was performed through the calibration curve of other compounds from the same phenolic group. The results were expressed in mg per g of extract (the extraction yields to allow conversion for starting material are provided in Table 1 ).
Statistical analysis
All samples of thyme (infusion, decoction and hydroalcoholic extract) were prepared and analyzed in triplicate. The results, expressed as mean values and standard deviation (SD), were analyzed using one-way analysis of variance (ANOVA) followed by Turkey's HSD Test with α = 0.05, performed with SPSS v. 22.0 program. Table 1 shows the results obtained for antioxidant activity. In general, all the preparations revealed antioxidant potential, namely reducing power (RP), free radical scavenging activity (RSA), β-carotene bleaching inhibition (CBI) and lipid peroxidation inhibition (LPI) in brain cell homogenates. Decoction preparation showed the highest RSA and RP (EC 50 values 112 and 101 µg/mL, respectively), while infusion revealed the highest LPI (7 µg/mL). Concerning CBI, it was the hydroalcoholic extract that showed the highest value (32 µg/mL).
Results and discussion
Evaluation of antioxidant activity
These results are in agreement with those of Roby et al. (2013) using methanol, ethanol, diethyl ether and hexane extracts of thyme from Egypt that related higher antioxidant capacity with higher contents in polyphenols, as obtained by using higher polarity solvents. Thus, in that study, the highest RSA was reported for the hydroalcoholic extract. The same correlation between higher contents in polyphenol compounds and antioxidant activity (measured by RSA, CBI and LPI assays) was also reported by Kulisic et al. (2006) who studied the infusions of cultivated and wild thyme from
Croatia. Nevertheless, the results of RSA reported by those authors were not as good (with higher EC 50 values 300 µg/mL, for cultivated thyme and 450 µg/mL, for wild thyme) compared to the ones obtained in the present study (126.3 µg/mL). sp. and C. albicans). Nevertheless, the extract concentrations were higher (100, 200, 400, 600, 800 and 1000 mg/mL) than the ones tested in the present work (20 mg/mL).
Evaluation of antibacterial activity
Identification and quantification of phenolic compounds
The phenolic profile of T. vulgaris, obtained after hydroalcoholic extraction, and recorded at 370 nm is shown in Figure 1 ; peak characteristics and tentative identities are presented in Table 3 . Twenty-four compounds were detected, seven of which were phenolic acid derivatives and seventeen flavonoids. As for the phenolic acids, 3,4-dihydroxyphenylacetic acid (peak 1), protocatechuic acid (peak 2), 5-O-caffeoylquinic acid (peak 3), caffeic acid (peak 5) and rosmarinic acid (peak 18) were positively vulgaris samples from Egypt (methanolic extract) and Croatia (infusion preparation), respectively. In the methanolic extract of T. vulgaris, eight phenolic acids were identified, being cinnamic acid, a phenolic acid related compound, the major molecule found. These authors also identified five flavonoids, in which the aglycone apigenin was the most abundant. Kulisic et al. (2006) showed results for the infusion of T.
vulgaris, identifying three phenolic acids and six flavonoids, and in accordance to the results presented herein, rosmarinic acid was the most abundant compound found.
Coincidences with the phenolic compounds detected by other authors (i.e., Dapkevicius et al., 2002; Boros et al., 2010; Hossain et al., 2010; Miron et al., 2011; Nagy et al., 2011) are discussed above in this paper.
The variations observed in the phenolic profiles of samples from different origins could be explained by growing conditions (soil, climate, rainfall, altitude), harvesting, processing, among others, which directly interfere with the content of chemical constituents (e.g., phenolic compounds) and, consequently, in their therapeutic effects (Naghdi Badi, Yazdani, Ali, & Nazari, 2004) .
In summary, the use of infusion and decoction of thyme (rich in phenolic compounds, either phenolic acids or flavonoids), as complementary of daily food, could provide considerable benefits for health, not only in the treatment of diseases related to reactive species production and oxidative stress, but also against bacterial infections. These benefits conferred by thyme can be achieved by both internal and external use and, at the recommended doses, it is safe and no adverse reactions have been described.
Nevertheless, further experiments are required in order to explore the mechanisms of action involved. 
